Introduction
Actinic keratosis (AK) results primarily from the damaging effects of long-term ultraviolet radiation on the skin. [1] [2] [3] Accordingly, the majority of lesions appear on the head, neck, and upper limbs. 4, 5 Considered a field disease, AK typically involves the presence of subclinical and therefore nonvisible lesions within an area of damaged skin, in close proximity to the clinically detectable AK lesion. 6, 7 In the United States, clinically apparent lesions are generally treated individually with cryotherapy. 8 However, topical therapies can potentially treat an entire field of damaged skin, including not only the visible lesions but also the subclinical lesions as well. Recommended topical therapies for field-directed treatment of AKs include diclofenac gel, 5-fluorouracil (5-FU) cream, imiquimod cream, and ingenol mebutate gel. 9 Photodynamic therapy with red, blue, or daylight illumination can also be used as a field-directed or lesion-directed therapeutic approach for AK. 10 One difficulty in assessing AK treatment success is that the criteria for success in dermatologic disease are not easily quantifiable. Factors such as the patient's quality of life (QoL) as well as the clinical outcome determine treatment success. 11 In dermatologic conditions, variables that impact QoL are often highly context dependent, clinical, cosmetic and investigational Dermatology 2016:9 submit your manuscript | www.dovepress.com
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emilio et al such as the location of the damaged skin or the age and sex of the patient. [12] [13] [14] In addition, characteristics of the treatment regimen itself, such as its length, complexity, or association with adverse events, are likely to affect patient QoL. Taken together, these factors make it difficult to predict how a particular treatment regimen might affect a patient's QoL, even with demonstration of clinical improvement.
As such, QoL may be based more on a balance between treatment tolerance and treatment outcomes. Some prior studies have demonstrated unchanged or even decreased QoL despite excellent treatment outcomes. 15, 16 Recently, a post hoc, exploratory analysis of AK subjects enrolled in Phase 3 clinical trials involving ingenol mebutate gel found that this therapy was associated with significant improvements in QoL. 17 Here, we report the results of QoL assessments from a prospective clinical study in subjects with AKs of the face who were treated with ingenol mebutate gel 0.015% for three consecutive days.
Methods
This study was part of a clinical trial that examined the effects of ingenol mebutate gel 0.015% applied once daily for three consecutive days to 28 subjects with AKs of the face. Treatment effects were assessed by clinical assessment, noninvasive imaging, and a QoL questionnaire. Subjects were recruited from the Brooklyn Campus of the Veterans Affairs New York Harbor Healthcare System, all were white males, $65 years of age, who had at least seven AKs on the face. Patients provided written informed consent and allowed photographs of the selected treatment area to be taken. This study received continuing Institutional Review Board approval on March 13, 2015 from the New York Harbor Healthcare System Department of Veterans Affairs' Subcommittee for Human Studies.
subject treatment and assessment
Ingenol mebutate gel 0.015% was applied by the clinical staff once daily for three consecutive days to a 25 cm 2 contiguous area of the face that contained at least three clinical AKs. Local skin reactions (LSRs) were recorded with clinical photographs taken on each day of treatment. The efficacy of ingenol mebutate gel 0.015% was assessed at day 60 by clinical assessment and by the Skindex-16 dermatologic questionnaire, a single-page, 16-item patient questionnaire that measures the effects of skin disease on the subject's QoL (Table 1) . 18 The 16 questions cover three QoL subscales: symptoms (Q1-Q4), emotions (Q5-Q11), and functioning (Q12-Q16). Responses are recorded using a 0-6 numerical analog scale to measure bothersomeness, where 0 indicates "never bothered" and 6 indicates "always bothered."
statistical methods
Overall QoL scores and individual subscale QoL scores were computed as a standardized percentage by adding the scores from all questions, dividing this number by the maximum possible score, and then multiplying by 100. Means and standard deviations were computed for QoL scores, and a paired t-test was performed to test the null hypothesis that the mean QoL score did not change from days 0 to 60. Statistical significance was determined by alpha =0.05, with no multiplecomparison correction in order to maximize statistical power. For analysis of the potential relationship between the subject's LSRs and QoL improvement, only subjects who completed the Skindex-16 survey on both days 0 and 60 were included in the analysis. The value of Cohen's d was computed as a measure of effect size. The practical significance of the effect size was based on the value of Cohen's d, using the guidelines of d=0.2 (small), d=0.5 (medium), and d=0.8 (large).
Results
relationship between clinical assessment and subjects' Qol
Of the 28 subjects enrolled in the study, 25 subjects completed the Skindex-16 survey on both days 0 and 60 and were included in the analysis. The mean (standard deviation Figure 1B ).
impact of lsrs on subjects' Qol
Following application of ingenol mebutate gel 0.015%, LSRs peaked at day 3 in the 3-day treatment regimen (Figure 2 ). Responses were classified as mild, moderate, or severe, with most subjects (75%) having a mild-to-moderate response. Skindex-16 scores were then grouped by LSR severity for subjects with mild (n=9), moderate (n=11), and severe (n=5) reactions. Numeric improvements were seen in overall QoL scores regardless of LSR severity, although the differences did not reach statistical significance (Figure 3 ). The potential impact of ingenol mebutate treatment on QoL was further examined by calculating the effect size using Cohen's d. For overall QoL scores, the absolute Cohen's d values were 2.1, 1.8, and 0.2 for subjects with mild, moderate, and severe LSRs, respectively ( Figure 3) . Thus, ingenol mebutate gel 0.015% had a large positive impact on QoL for subjects with mild and moderate LSRs and little impact on subjects with severe LSRs.
Discussion
Studies on the relationship between the use of AK topical therapies and QoL have yielded inconsistent results despite the demonstrated clinical effectiveness of these treatments. In the VA Topical Tretinoin Chemoprevention (VATTC) Trial, past use of 5-FU was associated with a worse QoL. 16 However, this study did not track a single population of subjects before and after 5-FU use, thus limiting the interpretation of this result. Health-related QoL was investigated in a study of 118 AK subjects treated with imiquimod 0.05% cream for 8 weeks, in which QoL was assessed using a Skindex-16 survey and the Skin Cancer Index. 15 The small improvements in QoL seen at week 8 were judged to be lacking in clinical relevance. Low baseline impairments in QoL may have limited the ability to detect more robust improvements. A study of AK subjects treated with 3% diclofenac in 2.5% hyaluronic acid gel for up to 6 months demonstrated improvements in both clinical outcomes and QoL, as assessed by the Dermatology Quality of Life Index, despite the fact that skin reactions led to interruption or discontinuation of treatment in 13.6% of the subjects. 19 Finally, a post hoc analysis of 1,005 subjects enrolled in Phase 3 ingenol mebutate clinical trials for the treatment of AK revealed improved QoL, as assessed by the Treatment Satisfaction Questionnaire for Medication and Skindex-16 surveys. 17 For the Skindex-16 survey of subjects treated with ingenol mebutate on the face and scalp, significant improvements from baseline versus vehicle were seen in the overall score as well as in the scores for the three subscales, with the emotions subscale showing greatest improvement in mean score, followed second by symptoms and then functioning.
In contrast to the post hoc analysis of the Phase 3 ingenol mebutate study, our present study was a prospective analysis of 28 subjects at a single center. Despite this relatively small sample size, we saw a significant improvement in overall QoL as measured by the Skindex-16 survey. Interestingly, and consistent with the findings of the post hoc analysis, the greatest numeric improvement was seen in the emotions subscale, followed by the symptoms and then the functioning subscales. Notes: at day 3, the number of subjects with mild, moderate, and severe lsrs was 9, 12, and 7, respectively. Abbreviation: lsr, local skin reaction. 
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Limitations of this study include the relatively small cohort size, the homogeneity of the subjects with respect to race, age, and sex, and the fact that the study was performed at a single center.
In summary, our prospective clinical study demonstrated improved QoL in subjects who were treated with ingenol mebutate gel 0.015% for AKs. Improvements in QoL were consistent with the clinical improvements seen in these subjects. These results confirm reports of treatment-related QoL improvements in AK patients.
